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Amend theclaims L 1-26 and add nowclaim 27 as follows. 



1 .(Third-Amended) An apparatus for detecting the phase and amplitude of e.ectromagnetic 
waves in-tte^^l oi.J m - a r inf ri m rl n n ri u lt r av i o l et no g ™ , comprising at least two 
modulation photogates (1, 2) which are sensitive to the electromagnetic waves 
' (photosensitive), and accumulation gates (4, 5) which are associated with the modulation 
photogates, said accumulation gates (4,5) being not photosensrtive «*~**d*4, and 

/ electrical connections for the modulation photogates (1 , 2) and the accumulation gates (4, 

Y 5). so that the latter can be connected to a reading-out device, and the former can be 

connected to a modulating device which increases of reduces the potential of the 
modulation photogates (1 , 2) relative to each other and relative to a potential of the 
accumulation gates (4, 5) corresponding to a desired modulation function, characterised in 
that there are provided a plurality of modulation photogates (1, 2) and accumulation gates 
(4, 5) being formed of long narrow parallel strips which group-wise form a PMD-plxel, 
wherein the accumulation gates are reading-out diodes w il l . U.u aothodo of nir h d i nrl e 
b eing o r e ading out o l octrode . 

2-(Third-Amended) An apparatus as set forth in claim 1 , fu. do tt i ng the p h mn nn d 
u mpl i L u dL uf clrrt mm ng n uliu » yj, » ■ pmf nnhl y in the optical an d in tho nc i r i nfnr od md 
u lu a v iol c t rfn gn n, r mn i p iiu ing jrt m i nt tw u modu l ation ph n t nyjlu, (1, fl) whl r h i r r rr- n nti v e 

lu the olcotromagnoti rw ^ u o ^hu l u b un.iliwjj. " *™ ^ whi P h i r n 

u bbuo U lu J w iU ■ II I' U n ti n n ph r rt n y dULL j i ii I I 1'^ nn it hr r n r-m rl n cl, nn d 

u | ua „ LjU | I I M T '" htinnrptrMI 

01 uu that tho h f t or uji. b r. rn nn nrtnr l to a r e adin g nn t rt ^ lm, anr l th n f n rm n r n n hft 
ce nnGctod to o modulating deuloo which In r r pn ooo or reduce the potentia l o f th e 
m od u la t i o n p h n m o-i t P- (1, ■») re l at i ve to o och 0 t ^u> und re l ative to tho n pre f e rab l y cons t a nt 
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^uLmiti J lo ft hrnrr ■ 1^ " uuiiulul i K m .nrln l ntin n f n n rt.n n 

Jiaittotorizod i n t lu l Ll.u . r r» r r n r n vi uL d J plura l ity n f m uJ ul jl i un p h ntn r j-itr n (1 , *») n n rl 

accu mulat i on g . t nr (4^ ■ ■■ U .l lu. U " " ll N rt ri ^ r " fhi r h 

gto up wioo form i PMD pi x el , whore-in t l . t jLuu m u l - it ln n p -i l u, d . u hi Ihc fa rm nf m irl ing nu t 

dtodte^^wtNMcfe robly i n ric h r w H * . uUhudi uf l « ' 'nq nr t h n r nnrti n n, ^ 

eteetfoder characterized in that the width of the modulation photogates is greater than the 
width of the accumulation gates- 

3. (Previously Twice-Amended) Apparatus as set forth in claim 2 characterized in that the 
width of the modulation photogates is of the order of magnitude of a wavelength or, in 
particular for the remote infrared range, less than the wavelength of the electromagnetic 
waves to which the modulation photogates are sensitive. 

4. (Fourth-Amended) Apparatus as set forth in one of claims 2 through 3 and27 characterized 
in that a strip length of the modulation photogates (1 . 2) and the accumulation gates (4, 5) is 
more than ten times the wavelength of the electromagnetic waves to which the modulation 
photogates are sensitive. 

5. (Fourth-Amended) Apparatus as set forth in one of claims 2 through 3 and27 characterized 

in that there are provided a plurality of modulation photogates in paired parallel mutually 

juxtaposed relationship, wherein each of the modulation photogates (1 , 2) of such a pair is 

connected to another modulation connection so that the modulation photogates (1 , 2) are 

modulatable in push-pull relationship, wherein a respective accumulation gate (5. 4) is arranged 

between a pair of modulation photogates (1 , 2) and a next adjacent further pair of modulation 

photogates (2, 1) and wherein the modulation photogates (1 , 2) of the two pairs, which are 

immediately adjacent to a respective accumulation photogate (4, 5), are connected or 
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electrically joined to the modulation connections in such a way that their modulation occurs 
respectively in push-pull mode. 

6. (Third-Amended) Apparatus as set forth in one of claims 2 through 3 and2Z characterized in 
that a plurality of modulation connections (m„ m 2 , m 3 ) ,re arranged at substantially equal 

, y spacings along the length of the strips and are connected to the modulation photogates (1,2). 

7. (Fourth-Amended) Apparatus as set forth in one of claims 2 through 3 and27 characterized 
in that the modulation photogates immediately adjoining the accumulation gates (4, 5), on a side 
towards the accumulation gates, include a contacting strip of high conductivity and of no or very 
low transparency. 

8. (Fourth-Amended) Apparatus as set forth in one of claims 2 through 3 and27 
characterized in that the apparatus has one or more pixel units, wherein each pixel unit is 
substantially square-shaped and comprises a plurality of strip-shaped modulation gates (I, 
2) and accumulation gates (4, 5). which pixel units are assembled to form a pixel, wherein 
the strip directions of adjacent pixel units are perpendicular to each other, wherein adjacent 
pixel units are at different modulation voltages, and wherein transversely with respect to the 
strip direction of a respective pixel unit the ends of the strip-shaped modulation gates are 
defined by at least one respective modulation photogate (1, 2) which adjoins a next 
accumulation gate (4, 5). 

9. (Previously Twice-Amended) Apparatus as set forth in claim 8 characterized in that the 
electrical connections for the accumulation gate are provided at a respective end of the 
strips of a pixel, wherein each second accumulation gate is connected to a first respective 
of two reading-out lines (corresponding to K+) and the other accumulation gates are 
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connected to the respective other one of the connection lines (corresponding to K-). wherein 
[he reading-out lines lead to an evaluation circuit. 

10. (Previously Third-Amended) Apparatus as set forth in claim 8 characterized in that two 
pixel units (10, 10') are arranged with their strips parallel and in directly mutually juxtaposed 
)/ relationship so that mutually immediately adjacent modulation photogates which define 

mutually juxtaposed ends or sides of the two pixel units (10, 10') form a pair of modulation 
photogates (I, 2) which are modulatable selectively in push-pull mode or phase-displaced 
relationship, whereby either a single pixel element of double the size of one of the two pixel 
units is formed or two independent measurement procedures, being of an in-phase signal 
and a quadrature signal, are possible with the two pixel units. 

1 1 . (Previously Third-Amended) Apparatus as set forth in claim 8 characterized in that there 
are four pixel units arranged in a rectangle, wherein the strips of pixel units which are 
respectively disposed in diagonally opposite relationship in the rectangle extend parallel 
to each other, while the strips of immediately adjacent pixel units extend perpendicularly 
to each other, and wherein modulation connections are connected in such a way that 
modulation of adjacent pixel units (10) can be effected In phase-shifted relationship 
through 90'. 

12. (Previously Twice-Amended) Apparatus as set forth in claim 11 characterized in that 
each of the four pixel units (10) is respectively of a substantially square shape and the 
four pixel units are assembled to form a square. 

13. (Previously Twice-Amended) Apparatus as set forth in claim 12 characterized in that 
the four pixel units are selectively combined individually (4-quadrant operation) or doubly 
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in diagonal relationship (2-quadrant operation) or in quadruple relationship (1 -quadrant 
operation), wherein in the case of 4-quadrant operation and 2-quadrant operation the 
gradient or normal vector of the surface of the four pixel units is additionally evaluated. 

14. (Previously Third-Amended) Apparatus as set forth in claim 2 characterized in that 
the modulation photogates and the accumulation gates and associated signal evaluation 
peripheral equipment and modulation peripheral equipment are produced in part on-chip 
and in part as a multi-chip module using CMOS-technology or BICMOS-technology. 

15. (Previously Third-Amended) Apparatus as set forth in claim 2 characterized in that 
arranged over the modulation photogates (1 , 2) are strip lenses which focus substantially 
all the electromagnetic waves incident on the surface of a pixel element exclusively on to 
the modulation photogates (1, 2). 

16. (Previously Twice-Amended) Apparatus as set forth in claim 2 characterized in that a 
plurality of PMD-pixels are arranged in a linear or matrix array. 

17. (Previously Third-Amended) Apparatus as set forth in claim 2 characterized in that in a 
,inear or matrix array both PMD-pixels with 3D-functionality and also conventional CMOS-pixels 
with 2D-functionality used in mixed mode, wherein various adjacent items of pixel information 
are passed to a data-fusion ing and interpolating device for reconstruction of a depth image. 

18. (Previously Third-Amended) Apparatus as set forth in claim 17 characterized In that 
associated with each said PMD-pixel is a microtens which concentrates the electromagnetic 
waves incident on the array onto the photosensitive surface of that PMD-pixel. 
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19. (Previously Twice-Amended) Use of an apparatus as set forth in claim 2 characterized in 
that the apparatus is used as a photosensitive image-recording element in a camera. 

20. (Previously Twice-Amended) Use of the apparatus as set forth in claim 2 characterized in 
that the apparatus is used in optical signal processing as a frequency- and phase-sensitive 

y y mixing or correlation element for signal acquisition, processing and noise suppression. 



21 . (Previously Third-Amended) A method of operating an apparatus as set forth in claim 8 
characterized in that a scene of which an image is to be produced is illuminated with a light 
modulated in accordance with a modulation function, wherein the modulation photogates (1 , 2) 
are modulated with bipolar or push-pull modulation function and wherein, selectively for half of a 
2-quadrantor4-quadrantpixeLof the pixels 90* phase-shifted modulation is effected in the 
case of sine modulation or a bit width in the case of rectangular modulation or a chip 
width in the case of PN-modulation of the modulation photogate potentials. 

22. (Previously Third-Amended) Use of an apparatus as set forth in claim 2 
characterized in that the apparatus is used in an optical PLUcircuit or DLL-circuit which 
circuits are highly integrated and used in light barrier arrangements with each including 
various modulation modes. 

23. (Previously Third-Amended) Use of an apparatus as set forth in any one of claims 2 
and 3 characterized in that the apparatus is used in an optical PLL- or DLL-circuit with a 
2Q-PMD-DLL on the basis of an lQ-PMD-recelver, with PN-modulation, wherein digital 
PN-encoded data signals are used for multi-channel selection, multi-target detection and 
for highest sensitivity in phase transit time resolution, wherein a difference output 
voltage is formed as a difference of quantitative differences of photocurrents as U A = 
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const - ( I U I - 1 ic-U I) and is fed back by way of a loop filter or a digital regulator as a 
control parameter of a voltage-controlled multivibrator to a chip frequency and wherein a 
data signal of a PN-encoded 1/0-data sequence is regenerated by means of a recovered 
word clock by a procedure whereby in a summing amplifier (41) a sum of the differences 
of photocurrents as U z = const • ( I i a 'i b I + I k% I ) is respectively formed over a PN- 
/ \s word length by means of a short-term integrator contained In the summing amplifier. 



24. Previlusly Amended) Apparatus as set forth in claim 16 characterized in that associated with 
each said PMD-pixel is a mlcrolens which concentrates the electromagnetic waves incident on 
the array onto the photosensitive surface of that PMD-pixel. 

25. (Previously New) Apparatus as set forth in one of claims 2 through 3 characterized in that a 
strip length of the modulation photogates (1, 2) and the accumulation gates (4, 5) is more than 
fifty times the wavelength of the electromagnetic waves to which the modulation photogates are 
sensitive. 

26. (Previosuly new) Apparatus as set forth in, claim 10, characterized in that the 
apparatus is used in an optical PLL- or DLL-circuit with a 2Q-PMD-DLL on the basis of 
an IQ-PMD-receiver. with PN-modulation, wherein digital PN-encoded data signals are 
used for multi-channel selection, multi-target detection and for highest sensitivity in 
phase transit time resolution, wherein a difference output voltage is formed as a 
difference of quantitative differences of photocurrents as U A = const • (I i a -i B l - 1 Md ') 
and is fed back by way of a loop filter or a digital regulator as a control parameter of a 
voltage-controlled multivibrator to a chip frequency and wherein a data signal of a PN- 
encoded 1/0-data sequence is regenerated by means of a recovered word clock by a 

procedure whereby in a summing amplifier (41) a sum of the differences of photocurrents 
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y *sU T = const • ( I \ a \ I + I ic 'o I ) >s respectively formed over a PN-word length by 
means of a short-term integrator contained in the s umming amplifier. 




,y 27. (New) Apparatus as set forth in claim 2 further characterized wherein said 
U accumulation gates (4,5) are of photosensitive material which Is shaded. 
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